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BLACK SEA SRIA IMPLEMENTATION
AND OVERVIEW OF THE IMPACT OF
BRIDGE-BS

Baris Salihoglu, BRIDGE-BS Coordinator L BRIDGE-BS

Director, METU Institute of Marine Sciences

This project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement No:101000240.




BLACK SEA JOURNEY /:)BRIDGE-BS

Blue Economy for a
Sustainable Black Sea

(BEStBS)
THE BLUE GROWTH INITIATIVE FOR
RESEARCH AND INNOVATION IN
THE BLACK SEA

BLACK SEA STRATEGIC RESEARCH
AND INNOVATION AGENDA
NATIONAL WORKSHOP SERIES

Blue Growih 1. Round Black Sea Draft afional Final SRIA and  HTS4BS with SBEP

0 " . European d
oo Burgas Vision paritime Agenda Black Sea of National CONNECT P 0“[; s Implementation |mer:2ﬁ0ncl Implementation & Mission Ocean
Paper SRIA Consultations priorities and

ocivitios Plan Consultations Plan events

2023 4May

HOTECH . © o o it 3 BRIDGE-BS

Ll 5OARS

BLACK SEA

BLACK SEA STRATEGIC RESEARCH
AND INNOVATION AGENDA
FINAL EDITION




BRIDGE-BS

BLACK SEA CONNECT CSA (2019 - 2023) - H2020-BG-2018-2020 /,')
&

of Marine and Rezeireh und I Hez Black S0

BLACK SEA STRATEGIC RESEARCH BLACK SEA STRATEGIC RESEARCH AND INNOVATION AGENDA

AN I . [OEHEA IMPLEMENTATION PLAN

Support the Black Sea Blue Growth Initiative to consolidate and
update the SRIA

Develop the SRIA Implementation Plan

CONNECTQ,BI_ACK SEA

The establishment of an Operational Network of Funders for the
Black Sea Region

Support the design and implementation of new transnational joint
activities

Making the Black Sea visible through empowered Black Sea
societies




BLACK SEA CONNECT CSA (2019 — 2023) - H2020-BG-2018-2020 i o T Spr

[@

Black Sea Strategic Research and Innovation Agenda (SRIA) and its
Implementation Plan (IP) developed.

BLACK SEA CONNECT

Many International and National events organized on the Black Sea |NNOVA[|ON
SRIA and IP. T, e

.......

Common Maritime Agenda and links with the ministries and funding
agencies strengthened to adopt the SRIA priorities through science-
diplomacy.




BLACK SEA SRIA IMPLEMENTATION PLAN
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ARCH AND INNOVATION

IMPLEMENTATION PLAN

Black Sea SRIA IP translates SRIA Goals into concrete, cutting-edge science and
technology actions.

£ 1 DIGTALTWIN == ECOSYSTEM-BASED FISHERIES AND

L 1 OF THE BLACK SEA HIGH-TECH AQUA AND MARICULTURE
] 2 EFFECT OF MULTIPLE STRESSORS ON tﬁgg 5 BLUE BIOTECHNOLOGY
SRIA e THE BLACK SEA ECOSYSTEM SRIA HEALTH AND SAFETY
PILLAR @ 73 CHANGING BLACK SEA BIODIVERSITY PILLAR a 6 FORBLACK SEA COASTS
AND ECOSYSTEM RESILENCE UNDER G 7 MARINELTTER

| CLMATE CHANGE AND MULTISTRESSORS

_.;=_=__ 8 MARINE RENEWABLE ENERGY

‘I ‘| INNOVATIVE APPROACHES TO
CONNECT SCIENTISTS, POLCY

&

% 9 INNOVATIVE OBSERVING
=

. SYSTEMS MAKERS, INDUSTRY AND SOCIETY
SRIA Il () BLACK SEAUNDERWATER SRIA
PILLAR AND COASTAL HERITAGE PILLAR 1 BLUE SKILLS AND CAPACITY BUILDING
8 ON MARINE SCIENCES




BLACK SEA CONNECT SUCCESS STORIES — OPERATIONAL NETWORK OF FUNDERS )BRIDGE BS

Funding agencies of the Black Sea countries

6 Meetings between 2022 — 2023

Co-developed the SRIA Implementation Plan

2 recent meetings in 2025

ONF Meeting in Bucharest, March 2023 ONF Meeting in Brussels, November 2025



EU Mission: Restore our

v Ocean and Waters
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ADVANCING BLACK SEA RESEARCH AND INNOVATION TO CO-DEVELOP

J BRIDGE-BS

BLUE GROWTH WITHIN RESILIENT ECOSYSTEMS: BRIDGE-BS _
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Horizon 2020

Call: H2020-BG-2018-2020 (Blue Growth)
Topic: LC-BG-09-2019

Type of action:

Proposal number: 101000240

Project acronym: BRIDGE-BS

Duration: 06.2021-12.2025

Coordinator: METU IMS (Turkiye)
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BRIDGE-BS

Blue Growth Incubators | Service Dynamics | Empowered Citizens




BRIDGE-BS NODES /')BR.DGE BS

BRIDGE-BS aims to advance the Black Sea’s marine research and innovation to co-develop Blue
OVERALL Growth pathways under multi-stressors for the sustainable utilization of the ecosystem services. To do
OBJECTIVE so it defines a Safe Operating Space for the Black Sea, develops an ecosystem-based management
framework, enables policy uptake and fosters citizen engagement.

NODE 1: NODE 2:
ECOSYSTEM SERVICE DYNAMICS BLUE GROWTH INCUBATORS
To assess the status, and develop the To provide an operational platform to To support the development of
multidisciplinary understanding and predictive translate scientific ideas into business a cohesive, knowledgeable, and
tools on ecosystem functioning necessary to opportunities and stimulate the ocean literate Black Sea international

iImplement adaptive management economy in the Black Sea community



SAFE OPERATING SPACE /)BRIDGE s

GES ANALYSES
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EFFECT ASSESSMENT
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Ref. Nash, K.L., Cvitanovic, C., Fulton, E.A. et al. Planetary boundaries for a blue planet. Nat Ecol Evol 1, 1625-1634 (2017).



NORTHWESTERN BLACK SEA
S (ODESSA BAY)

KEY MULTIPLE
STRESSORS

KEY ECOSYSTEM
SERVICES

WESTERN BLACK SEA
(DANUBE DELTA REGION)

KEY MULTIPLE
STRESSORS

KEY ECOSYSTEM
SERVICES

WESTERN SHELF

(VARNA & BURGAS)

KEY MULTIPLE
STRESSORS

KEY ECOSYSTEM
SERVICES

KEY MULTIPLE
STRESSORS

KEY ECOSYSTEM
SERVICES

O BRIDGE-BS

PILOT SITES: KEY ECOSYSTEM SERVICES
AND REGIONAL MULTI-STRESSORS

n STORMS &

4552 FLOODS
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&CD FISHING

QQ WATER QUALITY
> DETERIORATION

CLIMATE
CHANGE
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S oe

BASIN WIDE

KEY MULTIPLE
STRESSORS

KEY ECOSYSTEM
SERVICES

EASTERN BLACK SEA
(BATUMI SITE)

KEY MULTIPLE KEY ECOSYSTEM

STRESSORS SERVICES

SOUTHWESTERN BLACK SEA

(SINOP SITE)

KEY MULTIPLE KEY ECOSYSTEM

STRESSORS SERVICES

@59 PROVISIONING: FISHERIES REGULATING &
61> & AQUACULTURE L MAINTENANCE
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2. RECREATION & TOURISM
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PRESSURES » & HABITAT LOSE EROSION



BRIDGE-BS
WORK
PACKAGES
embedded In
Nodes

Enchancing
Science-Policy

WP6

Socioeconomics

& Social
Innovations

WP7
Accelerate
“Industry 4.0

e s BLUE GROWTH
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WP10

COORDINATION
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Base for the
Black Sea
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Capacity
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BRIDGE-BS
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Management

SERVICE
DYNAMICS

Ecosystem
Resillience

WP2

Ecosystems
under Multiple
Stressors



ENGAGING STAKEHOLDERS AND POLICYMAKERS

Local stakeholders were engaged with regional policymakers through
participatory events and Living Labs.

FOUR ROUNDS OF SCIENCE-POLICY POLICY BRIEF AND
LIVING LABS EVENTS ROADMAP

@ : [ . ; i ’)Bmoes-ss

LIVING e (RS PV ADVANCING BLACK SEA
LABS ¢ B R RESEARCH AND INNOVATION

AINA

ﬂ" ‘\
-

EMPOWERING ECOPS

S

Training and capacity-building activities enhanced the skills and
expertise of Black Sea ECOPs.

VIRTUAL BLUE BLACK SEA HANDS-ON
CAREER CENTER YOUNG AMBASSADORS SCIENCE ACTIVITIES

&

VIRTUAL BLUE
CAREER CENTER

#BlackSeaVouth

PhD STUDENTS

12 PhD students ars advancing
Black Sed research under BRIDGE-BS!

SUMMER & WINTER
SCHOOLS

ADVANCING BLUE ECONOMY NETWORK

The Black Sea Blue Economy R&l community was actively engaged, its
growth accelerated, and networks strengthened.

BLACK SEA 2ND HIGH-TECH SUMMIT HIGH-TECH SUMMIT
ACCELERATOR FOR THE BLACK SEA FOR THE BLACK SEA

@ ‘ IGH-TECH

BLACK SEA SummIr oL e
ACCELERATOR FOR THE s

for a sustainable Blue Economy

DOORS @BRIDGE-BS

q BRIDGE-BS

The public was reached through informative and
engaging mediums, and science outreach.

MARINE LIFE BLACK SEA
TR COOKBOOK

seafood recipes

FIRST EDITION

Discover the rch culinary culture istory,
ond seafood d f the Black Sea region!

5 s 9
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INNOVATIVE TECHNOLOGIES
DRIVING BRIDGE-BS RESEARCH

¢ )

SMART MONITORING SYSTEMS

£
3
o
%

BENTHIC
OBSERVING SYSTEMS

o ———

____( COLLABORATIVE
R

o e

ESEARCH CRUISES

Harmonization of Methodologies

Intercomparison of Results

Temporal Data Comparison
UAVS FOR JELLYFISH
MONITORING

PCO2 ACOUSTIC
MONITORING JELLYFISH DETECTOR

ACOUSTIC MARINE

MAMMAL OBSERVING IN-SITU pH SENSOR

R,




KNOWLEDGE BASE FOR THE BLACK SEA

SAFE OPERATING SPACE

BLACK SEA BLUE ECONOMY ENSEMBLE MODELING FRAMEWORK RESILIENCE ASSESMENT
OBSERVATORY
Ecotopia 7 SSP5 (shift in 2046)
BLACK SEA BEO

55P1, S5P5

Socip-economic

MPI, EC-EARTH
Models run outside BRIDGE

- e m“lmgxu,;m’)

w& == 3‘;6:0
mmlﬁh@m
sem! mm'hh

Black Sea 2050

System state (PC1)

0.0 02 04 06 08
Environmental stressors (PC1)

RISK-BASED CUMULATIVE
EFFECT ASSESSMENT AlI-BASED EMULATOR

BLACK SEA DIGITAL TWIN DEMONSTRATOR

3 BRIDGE-BS m °
‘ o Process-based Simulations
o i“:" (e.g. NEMO-BAMBHI)
BRIDGE BLACK SEA 45N tﬁ
DIGITAL TWIN OCEAN DEMONSTRATOR BEN
° One of the First Examples of Digital Twin Ocean Demonstrators . . e — Training Data | Validation Test Data

Neural Network Emulator

—E=
Leams to

40.5°N

46.5°N
; - A Smenal
Explore Physics & Higher Trophic Level Resilience Cumulative Effect Blue Economy . ¥ T past
Biogeochemistry J Assessment Assessment i Observatory 45°N
43.5°N -
Forecasted variables
42°N . : » . ,ﬁ Evaluate Skill
> New Inifial P
40.5°N {35 States - | RMSE aad
Scenarios - SSIM '

Projeci ’




BRIDGE-BS LEGACY

BRIDGE BLACK SEA

DIGITAL TWIN OCEAN DEMONSTRATOR  Black Sea Digital Ocean Demonstrator

* simulations, resilience analyses, boundries
definition, decision support tool, Database,

= BRIDGE-BS Living Labs established in

400 stakeholders

----------------------------------------------------------------------

5 Pilot Sites engaging more than i

Black Sea Accelerator

B LAC K S EA provided mentoring and

)

]

]

]

]

!

. !

~~cT1E - training support to !
ACCELERATOR g supp :
]

]

]

for a sustainable Blue Economy
15 start-u psS

----------------------------------------------------------------------------

First Regional Tools for Safe Operating Space
Cumulative Effect Assessment as a base for Tools
for MSP, Tools for biodiversity, MUC (maritime use
conflict analyses) PMAR (pressurem model for
marine cativities) Scenario Builder

----------------------------------------------------------------------------

High impact Publications to ensure the outputs
are accessible and usable for the community

. integrating BRIDGE-BS models, scenarios, E

ADVANCING BLACK SEA !
RESEARCH AND INNOVATION |
OR A SUSTAINABLE BLUE ECONOMY

4
i Policy Brief
i and Roadmap

]

]

:

Portal to provide support to E
policy makers : E

]

A - 1 i
i Joint Smart Observations And | seemsmemss., | == :
E Technologies 5 i
i which are tested and used in |
i . | :
; 33 multidiciplanary cruises - i
] = |
| e |
| =t 1

Blue Economy Observatories i
The first attempt to build a BEO 5
dedicated to the Black Sea with a i
strong sustainability component. BLACK SEA BEO i

(

| Next Generation of ECOPs
E Trained through diverse
E erray of activities such as
| summer, winter schools
i Ambassador Programme,
i PhD Programe,




BRIDGE-BS LEGACY: BRIDGE BLACK SEA DTO DEMONSTRATOR ,)BRIDGE BS

BRIDGE BLACK SEA
DIGITAL TWIN OCEAN DEMONSTRATOR

One of the First Examples of Digital Twin Ocean Demonstrators

§ o cemmonrny | « DTO Demonstrator integrating
BRIDGE-BS models, scenarios,
simulations, resilience analyses,
boundries definition, decision support

Al-Based Ecosystem Emulator Data Services JupyterLab Trainings and tutorials t O O I

Explore Physics &

Biogeochemistry
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BRIDGE-BS LEGACY: LIVING LABS

This project has received funding from the European Union's
Ho rizon 2020 Re earct a nd Innovation Programme under

f rant Agreement No 101000240.

LIVING
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5 Pilot Sites established

Stakeholder Vision for 2050 for each
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BRIDGE-BS LEGACY: POLICY BRIEF /'\ BRIDGE-BS

=g

QBRIDGE—BS

ADVANCING BLACK SEA
RESEARCH AND INNOVATION

FOR A SUSTAINABLE BLUE ECONOMY

« BRIDGE-BS works and outputs
« Recommendations for policy makers

« Recommendations for research and operational services
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BRIDGE-BS LEGACY: ROADMAP

BRIDGE-BS | -

Blue Growth Incubators | Service Dynamics | Empowered Citizens

2030 BLUE ROADMAP FOR THE BLACK SEA

Vs pro wapean
Union's Horizon 2020 research and innowation
grogromme vader gront agreement No 101000240

/:) BRIDGE-BS

—_—

A key document that provides a common framework to advance the project results
to the next stage towards their implementation at policy level to support the

sustainable Blue Economy in the Black Sea.

Detailed assessment of how BRIDGE-BS outputs addresses the SRIA priorities

Promotes the balanced and sustainable development of the BE by supporting policy
implementation, identifying funding priorities, consolidating key scientific knowledge,

and enabling stronger regional cooperation.

BLACK SEA
S ceosvsrem | TOWARDS ABLACK
PROJECTIONS FOR RESILIENCE IN THE ENVIRONMENTAL
THE BLACK SEA FACE OF MULTIPLE OBSERVATION
STRESSORS
NP

CAPACITY
BLUE ECONOMY BUILDING, SOCIAL
POTENTIAL IN THE ENGAGEMENT
BLACK SEA REGION AND
PARTICIPATION

BLACK SEA DIGITAL

TWIN
DEMONSTRATOR

CUMULATIVE
EFFECTS
ASSESSMENT AND
ADAPTIVE MAN.
FOR THE BLACK SEA

SCIENCE-BASED
POLICYMAKING IN
THE BLACK SEA
REGION



BRIDGE-BS AND POLICIES AND REGULATIONS /)BRIDGEBS

Water Resilien

he European e e “
Ocean Pact ¢
Sustaining the ocean -
that sustains us

June 2025
#EUOceanPact

May 2025

Commission

The Maritime

Spatial Planning \/
directive

ce Strategy National Blue Economy Strategies and Smart

Water Framework Directive (WFD) Specialisation Strategies

Nature Restoration Regulation (NRR)

Sustainable Blue Economy

Nature Directives (Habitats and Birds) Bucharest Convention and BSIMAP
EU Biodiversity Strategy for 2030
EU Green Deal




THE CONTRIBUTION OF THE BRIDGE-BS TO THE EU OCEAN PACT
AND EU’S STRATEGIC APPROACH TO THE BLACK SEA

SUPPORT TO MANAGEMENT AND DECISION-MAKING

he European
Ocean Pact / da;jimgm“‘)fB]_ a C e olimate projections

" modelhn frameworks
SUStalnlng the ocean mulggégeyssstg%?ggggO&}gnagement early- Warnlngggy-c;t[\mg maritime spatial planning

i adaptive management
that sustains us visualisation mmsea DTO futire SoEnario projections

resilience assessmen

June 2025

May 2025 B e
#EUOceanPact Ly P g

SECURITY, STABILITY &
RESILIENCE

A COMPETITIVE &
SUSTAINABLE EU BLUE
ECONOMY

FLAGSHIP INITIATIVE: BLACK SEA

OCEAN HEALTH, OCEAN MARITIME SECURITY

PRODUCTIVITY &

RESILIENCE SUSTAINABLE GROWTH &
PROSPERITY

A ROBUST MARIN CAPACITY DEVELOPMENT AND OCEAN LITERACY

KNOWLEDGE FLAGSHIP INITIATIVE: CONNECTIVITY

FRAMEWORK community engagemelt - gcean data literacy climate awarandizeship AGENDA

environmental aWwareness

GLOBAL OCEAN ecosystem understanding .ocean knowledge ENVIRONMENTAL PROTECTION,

GOVERNANCE AND understanding human-ocean interaction CLIMATE CHANGE RESILIENCE

OCEAN SCIENCE marine stewardship risk awareness  informed decision-making & PREPAREDNESS, & CIVIL

DIPLOMACY PROTECTION

SCIENCE-BASED POLICYMAKING IN THE BS REGION

ENHANCED RESILIENCE FLAGSHIP INITIATIVE: REINFORCING

FOR COASTAL enmronmenta] policy knowledge transfer cross-border policy coordination PREPARDNESS OF COASTAL

COMMUNITIES & CITIES K meem o @\71lE@NICE-based pohcymakmg COMMUNITIES AND BLUE ECONOMY

rlsk awal‘e decision- maklng knowledge uptake strategic decision processes SECTORS

GOVERNANCE e ATINEG & MNATItIMeE pOlle
climate-responsive policymaking ecosystem-based policy approach



BRIDGE-BS IMPACT PUBLICATIONS /'\ BRIDGE-BS

+4(0 Research Papers, more upcoming!

nature ecology & evolution

Contents lists available at ScienceDirect

Deep-Sea Research Part I

Perspective https://doi.org/10.1038/s41559-024-02448-y

Aquaticdeoxygenation as aplanetary
. , o , , L) boundary and key regulator of Earth

Temporal variability of coccolithophore Emiliania huxleyi blooms in the o oge

open Black Sea: Evaluation by satellite data (1998-2020) S)’Stem Stablhty

Oleg Yunev ™, Jacob Carstensen”, Vyacheslav Suslin , Vladimir Belokopytov ¢,
Snejana Moncheva ¢, Ludmila Stelmakh ?, Laura Boicenco ¢, Oana Vlas ®

g ¥ “
ELSEVIER journal homepage: www.elsevier.com/locate/dsri

“ A.0. Kovalevsky Institute of Biology of the Southern Seas of RAS, 2 Nakhimov ave, 299011, pol, Russia Received: 2 June 2023 Kevin C. Rose®'?/ /, Erica M. Ferrer ® **, Stephen R. Carpenter ®°,
’ ZCPL, "fH dm'h : 3’;”"‘_‘ u fRA.IS > el k 8vej 329'2 ‘;{‘” ‘;‘;"‘;’ R"""“z- lfm'?”k Acconted: 2 May 2024 Sean A. Crowe ®°, Sarah C. Donelan ®’, Véronique C. Gargon ©°°,

larine Hydrophysical Institute o , Kapitanskaya str, 2, , Sevastopol, Russia ccepted: ay . . . 1 11216 . 1
4 Institute of Oceanology, Bulgarian Academy of Sciences, Parvi Mai str., No 40, 9000, Varna, Bulgaria Marilaure Grégoire ®'°, Stephen F. Jane ® "*°, Peter R. Leavitt® ",
© National Institute for Marine Research and Development “Grigore Antipa”, Mamaia Blyd., RO-900591, Constanta, Romania Published online: 15 July 2024 Lisa A. Levin®*, Andreas Oschlies ® ' & Denise Breitburg ® ™

‘ . TvPe Original Research
[ \y frontlel's ‘ Frontiers in Marine Science PUBLISHED 25 September 2024 zZ
001 10.3389/fmars.2024.1435556 wa t e r M D\Pﬂ
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BRIDGE-BS DTO DEMONSTRATOR

Limited linkage
between existing DTOs
and the implementation
of the MSFD and MSP.

PROBLEM
DEFINITION

Existing tools are
fragmented and not
easily accessible or

usable by
policymakers.

Lack of multidisciplinary
approach that
combines different kind
of data.

Diverse components are needed to define
the safe operating space of the Black Sea
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BRIDGE BLACK SEA DTO DEMONSTRATOR

A pioneering addition to the DTO framework.
Co-designed with stakeholders

Addresses ecosystem services

Links ecosystem services and MSP components,
assesses ecosystem vulnerability (MSFD indicators) and

resilience for holistic assessment.

Incorporates diverse components and services essential
for defining the safe operating space of the Black Sea.

Serves as a blueprint for advancing DTOs towards
Decision Support Tools (DSTs).

Developed with an EDITO-ready architecture.

Interconnected with key data infrastructures: EMODnet,
SeaDataNet, and Copernicus.
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BRIDGE BLACK SEA
DIGITAL TWIN OCEAN DEMONSTRATOR

One of the First Examples of Digital Twin Ocean Demonstrators
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BRIDGE BLACK SEA
DIGITAL TWIN OCEAN DEMONSTRATOR

One of the First Examples of Digital Twin Ocean Demonstrators

The Horizon 2020-funded BRIDGE-BS (Advancing Black Sea Research and Innovation to Co-Develop Blue Growth within Resilient Ecosystems) aims to advance the Black Sea’s marine
research and innovation to co-develop Blue Economy pathways under multi stressors for the sustainable utilization of the ecosystem services. The 4.5-year project started in 2021 and will
end in November 2025.

BRIDGE-BS is designed to define a safe operating space for the Black Sea Blue Economy, ensuring that ecosystem boundaries are known and respected. To achieve this, the project has
developed, for the first time in the region, an ensemble modeling framework that provides critical insights into the resilience of the Black Sea which has never been analyzed before.
These models, supported by new ecosystem and socio-economic data, deliver results on ecosystem state under different climate and human-driven pressures. The outputs feed into Al
emulators, cumulative effect assessment tools, and “what-if” scenarios, while also supporting the development of multi-stressor, multi-service Decision Support Tools and adaptive
management strategies at both basin-wide and Pilot scales. Living Labs across different regions provide additional stakeholder-driven input, reinforcing the co-design of Digital Twin
Ocean applications and enabling risk-based assessments that guide sustainable management of the Black Sea.

» Black Sea DTO will be maintained by DEKOSIM (The Center for Marine Ecosystems and Climate Research) infrastructure hosted by Middle East Technical University beyond BRIDGE-BS.
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explore the future of the Black Sea! « Join us at the BRIDGE-BS Final Conference on 25 November 2025 in Brussels! The BRID
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Explore the BRIDGE Black Sea I
Digital Twin Ocean Demonstrator DIGITA

One of the First Examples of Digital Twin Oce:

Get Started

The Horizon 2020-funded BRIDGE-BS (Advancing Black Sea Research and Innovation to Co-Develop Blue Growth within R

to co-develop Blue Economy pathways under multi stressors for the sustainable utilization of the ecosystem servic

BRIDGE-BS is designed to define a safe operating space for the Black Sea Blue Economy, ensuring that ecosystem boundaries ¢
the region, an ensemble modeling framework that provides critical insights into the resilience of the Black Sea which has never b
data, deliver results on ecosystem state under different climate and human-driven pressures. The outputs feed into Al emulators
development of multi-stressor, multi-service Decision Support Tools and adaptive management strategies at both basin-wide and
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